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Length frequency data series of oil sardine Sardinella longiceps Val. from northern Arabian Sea along the west coast of 
India off Ratnagiri were used to model the growth, mortality rates and yield per recruit. Mean population parameters were; 
L∞ = 233 mm (total length), K = 0.92 year-1, to = -0.0023 year, Z = 5.23 year-1, M = 1.45 year-1, F = 3.78 year-1and E = 0.72. 
Using VBGF, the length attained at the end of 1, 2 and 3 years of life was estimated at 140, 196 and 218 mm, respectively. 
The phi-prime (ɸ) value or the growth performance index was obtained as 2.70. Yield per recruit analysis showed that 
excessive fishing effort was being exerted on the stocks and a substantial reduction in fishing effort will be required for 
sustainability of the fishery. 
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Introduction 
The oil sardine, Sardinella longiceps Valenciennes 
1847, member of family Clupeidae, is a major pelagic 
fishery resource of India and ranks as a very valuable 
commercial fish owing to its food value and industrial 
uses. It has a fusiform, elongated and sub-cylindrical 
body, with a low keel having scutes. The other 
distinctive features include a long head, which is 29 to 
35% of standard length, long and numerous gill rakers 
(numbering 150 to 255 on lower limb of first gill 
arch) and pelvic fin with 9 rays1. It has a wide 
distribution along the coasts of Seychelles, Somalia, 
Africa, Gulf of Aden, Red Sea, Gulf of Oman, Persian 
Gulf, Sri Lanka, Malaysia, Vietnam, India, Pakistan, 
Indonesia, and Philippines2. Along the Indian 
peninsula, the resource is predominant along the 
south-west coast between 80 N and 160 N latitudes 
covering Kerala, Karnataka, Goa and southern part of 
Maharashtra. Along the west coast, large shoals of oil 
sardine occur from Ratnagiri in the north to Quilon in 
the south. The fishing activity is restricted to 3 to  
20 km from the shore at a depth range of 5 to 25 m3. 
S. longiceps is a planktivorous fish, feeding  
mainly on diatoms, dinoflagellates, blue green  
algae and zooplankters like copepods, nauplii and 
Foraminifera4. It reaches a maximum size of 230 mm 
in standard length1. However, the maximum recorded 
length and weight of the fish is 272 mm and 159g, 
respictively5. 
S. longiceps is caught with a variety of gears 
including boat seines, shore seines, trawl nets, gill 
nets and cast nets throughout its range in the Indian 
waters6. In the northern Arabian Sea, it is mainly 
caught using purse seines. The oil sardine fishery has 
been characterized by large scale fluctuations in the 
annual landings. During the last seven decades, all-
India production of oil sardine ranged from 14,000 
tonnes in 1952 to an all-time high of 7,20,270 tonnes 
in 20127, contributing significantly to the total marine 
fish landings of the country. The characteristic inter-
annual and inter-decadal variability of the fishery 
makes its management difficult. The fluctuations in 
production are a matter of great concern for the 
marine fishery industries and depend upon the 
biological features of the fish as well as the 
environmental factors8, 9.  
The population parameters of S. longiceps from its 
northernmost range in the Arabian Sea along Indian 
coast has not been ascertained to date, although such 
studies have been conducted for the southern stocks 
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especially around the Kerala/ Karnataka coast. 
Considering the large-scale exploitation of this 
resource and its importance in the overall landings, it 
is necessary to have the latest information on various 
aspects of this fishery. In this context, the goal of this 
study was to evaluate the stock parameters of S. 
longiceps from the northern Arabian Sea along the 
Indian coast to provide information required for their 
management. 
 
Materials and Methods 
Length frequency data was collected every month 
from commercial catches of S. longiceps made off the 
coast of Ratnagiri, Maharashtra in India (Fig. 1) from 
October, 2010 to May, 2012. A total of 5867 number 
of fish, ranging from 82 mm to 218 mm, were 
measured during the 20-month study period. The total 
length of individual fish specimen, selected at 
random, was measured from the anterior-most part of 
the body to the tip of the dorsal lobe of caudal fin and 
recorded to the nearest mm by using fish measuring 
board. The weight was recorded to the nearest gram. 
The monthly target sample size was 300 fish.  
Total catch of the species on the day of observation 
was noted. The length frequency data was grouped 
into 5 mm class interval, raised for the day  
and subsequently for the month using the method  
of Sekharan10. The monthly raised numbers were  
fed into FiSAT (FAO-ICLARM Stock Assessment 
Tools) programme developed by Gayanilo11 to 
estimate various parameters of growth, mortality  
and yield.  
The pattern of growth of majority of fish species 
can be expressed using von Bertalanffy growth 
equation12 (VBGF), 
 
Lt = L (1-e-K(t-to)) 
Where, Lt is the mean length at age t, L is the 
asymptotic length, K is the growth coefficient and to is 
the age at zero length (initial condition parameter). 
In the present study, a combination of methods was 
adopted to arrive at a reasonably accurate estimate of 
growth parameters. The Gaussian components were 
initially separated employing the modal progression 
analysis13. The estimates of asymptotic length (L) 
and growth coefficient (K) thus obtained were further 
refined by employing the Gulland and Holt14 plot. The 
L and K were also obtained by using the ELEFAN 
(Electronic Length Frequency Analysis) module of 
FiSAT programme. 
The Phi-prime or the growth performance index15 
(Ф) was calculated to allow comparison of growth 
parameters with published values. 
 
Ф = ܮ݋݃ܭ + 2ܮ݋݃L 
 
Where, K is the growth coefficient and L is the 
asymptotic length. 
The von Bertalanffy growth model16 was used for 
estimation of length attained by S. longiceps at 
quarterly intervals. 
The annual instantaneous rate of total mortality (Z) 
was obtained using the length converted catch curve 
method17, while the annual instantaneous rate of 
natural mortality (M) was obtained using the 
empirical formula given by Pauly18 which uses a 
multiplication factor of 0.8 in case of pelagic fishes to 
reduce the bias in estimation: 
 
M=0.8*exp[–0.0152–0.279LnL+0.654LnK+0.463Lnt] 
 
Where, L and K are the von Bertalanny growth 
parameters and T the mean annual water temperature 
taken as 28.2 oC19. 
The annual instantaneous rate of fishing mortality 
(F) was calculated by subtracting the natural mortality 
(M) from the total mortality (Z) [F = Z - M]. The 
existing exploitation rate (E) was calculated as the 
proportion of the fishing mortality relative to total 
mortality [E = F/Z]. 
The relative yield per recruit (Y’/R) and relative 
biomass per recruit (B’/R) were estimated by the 
selection ogive module of the FiSAT. The yield 
isopleth diagram, which gives exploitation rate (E) on 
the X-axis and different sizes at first capture by using 
LC/ L on the Y-axis was also generated by FiSAT to 
know about level of eumetric fishing. 
 
Fig. 1 — Location of the sampling area in the Arabian Sea along 
Ratnagiri Coast off Maharashtra India. 
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Results 
Growth parameters 
The monthly length data samples (raised) were 
reasonably large and considered representative of the 
population. The growth curves superimposed over the 
length frequency samples arranged sequentially in 
time is shown in Fig. 2. No samples were obtained in 
June and July because of the prevalent monsoon ban 
observed every year. The estimates of L and K 
obtained from ELEFAN (Fig. 2) were 234 mm and 
0.92 year-1, respectively. Modal progression analysis13 
(Fig. 3) put the values of L at 236 mm and K at 0.93 
year-1, while Gulland and Holt14 plot (Fig. 4) of 
FiSAT yielded values of L = 233 mm and K = 0.92 
year-1. The values obtained from Gulland and Holt 
plot appeared more reasonable and were hence used 
in further parameter estimations. 
The growth performance index (Ф) was estimated 
at 2.70 in this study. The von Bertalanffy growth 
curve (Fig. 5) revealed that S. longiceps grows to 140, 
196 and 218 mm at the end of first, second and third 
year of its life, respectively. The value of to was 
estimated at -0.0023 years. 
 
Mortality parameters 
The annual instantaneous rate of total mortality (Z) 
derived from the length converted catch curve was 
5.23 year-1 (Fig. 6). The annual instantaneous rate of 
natural mortality (M) derived from Pauly’s empirical 
formula18 was estimated at 1.45 year-1. The annual 
instantaneous rate of fishing mortality (F) was 
estimated at 3.78 year-1 and the exploitation rate  
(E) as 0.72. 
 
Yield and biomass per recruit 
The Y′/R and B′/R (in g) were estimated from 
selection ogive for size at first capture (LC50) of  
175 mm. The input data to estimate these parameters 
 
 
Fig. 2  — ELEFAN curve of S. longiceps employing computer-based FiSAT program. 
 
 
 
Fig. 3 — Linking of means by employing modal progression analysis (Bhattacharya’s method) for S. longiceps using FiSAT. 
(Preliminary estimates based on Gulland and Holt plot: L∞ = 236 mm; K = 0.93; r = -0.55) 
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were L∞ = 233 mm and M/K = 1.57. The selection 
ogive (Fig. 7) indicates maximum Y′/R (0.0289) at 
E0.65 when the biomass is reduced to 22% of virgin 
level. At E0.1 the Y′/R is 0.0067 with a reduction in 
B′/R to 86% of virgin biomass, whereas at E0.5, the 
Y′/R is 0.0263 with a reduction in B′/R to the extent 
of 37% of virgin biomass. The E value, calculated 
based on the ratio of F and Z in the present study, as 
0.72 gave Y′/R = 0.0394, at which about 24% of 
virgin biomass per recruit is left. 
The yield isopleth diagram (Fig. 8) shows that 
eumetric fishing can be done at E of 0.65 and LC/L∞ 
of 0.55. The E value calculated in the present study 
based on the ratio of F and Z is 0.72. 
 
Discussion 
Growth 
In the present study, average growth followed the 
von Bertalanffy curve, and growth parameters were 
almost similar to some of the earlier studies 
conducted for this species in the Arabian Sea though 
divergent observations have also been reported by 
some other authors (Table 1). Antony20 estimated the 
value of L∞ at 209.8 mm, K at 0.6 year-1 and to at  
1.12 year. The author reported growth of 150-160 mm 
for the first year, 170-180 mm for the second year and 
185 mm for the third year for the fish from the west 
coast of India. Ingles and Pauly21 estimated the value 
of L∞ and K at 210 mm and 1.10 year-1, respectively 
from Philippines. Naamin22 reported that the fish from 
Bali Strait attains a length of 135, 184 and 202 mm at 
the end of 1, 2 and 3 years of life respectively.  
Kurup et al.23 used the pooled length-frequency data 
of S. longiceps on the west coast of India to determine 
growth parameters by the Bhattacharya and ELEFAN 
I methods, and estimated L∞, K and to at 197.2 mm, 
1.006 year-1 and -0.08 year, respectively. The authors 
obtained the estimates of 125, 171, 188 and 194 mm 
at the completion of 1st to 4th year of life. Biradar and 
Gjosaeter24 reported the values of L∞ = 210 mm,  
K = 1.4 year-1 and to = -0.12 year and the first and 
second year growth of oil sardine off the south-west 
coast of India at 166 mm and 196 mm respectively 
based on length frequency data. Annigeri et al.25 
estimated the growth parameters by employing 
ELEFAN I method and obtained values of L∞ = 221 
mm and K = 0.75 year-1. Sideek et al.26 analysed the 
length frequency data of oil sardine from the Gulf of 
Oman and reported values of L∞ = 197.2 mm and  
K = 0.986 year-1. Pet et al.27 used length based 
methods to estimate growth parameters of the fish 
around East Java, Indonesia and estimated L∞ at  
 
Fig. 4  — Gulland and Holt’s plot for S. longiceps using FiSAT. 
 
 
 
Fig. 5  — Estimated von Bertalanffy’s growth curve for S. longiceps. 
 
Fig. 6 ─ Length converted catch curve for estimation of total 
mortality coefficient (Z) for S. longiceps.  
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210 mm and K at 0.80 year-1. The authors reported 
that the fish attains 115, 165 and 190 mm at the end of 
1 to 3 years of age, respectively. Higher values of 
asymptotic length (L∞ = 260 mm) and K = 0.86 year-1 
have been reported for oil sardine off Tawi-Tawi, 
Philippines28. Rohit and Bhat29 estimated the growth 
parameters of oil sardine off Mangalore-Malpe coast 
of India and reported L∞ = 228 mm, K = 0.90 year-1 
and to = -0.0106 year. The authors reported length-at-
age values of 136, 191, 213 and 222 mm at 1st to 4th 
year of life, respectively. Ganga and Pillai30 analysed 
length frequency data of oil sardine from 
Visakhapatnam coast, India and reported values of L∞ 
at 216 mm, K at 1.5 year-1 and length-at-age values of 
168 mm, 205 mm and 214 mm for 1st, 2nd and 3rd year 
of life. The values of L∞ = 231.6 mm, K = 1.55 year-1 
and to = 0.09 year were reported for S. longiceps of 
the Gulf of Mannar31. Al-Anbouri et al.32 estimated 
the growth parameters of oil sardine off Oman Sea 
along Muscat and reported L∞, K and to values of 
220.3 mm, 1.209 year-1 and -0.01 year, respectively. 
The authors reported that the fish attains 155 and  
200 mm at the end of 1st and 2nd year of life. 
Reliable growth parameter estimates are likely to 
be associated with similar phi-prime (ɸ) values not 
only for the same species but also for related 
species33. Since phi-prime (ɸ) for S. longiceps in the 
present study has been estimated at 2.70 and is very 
 
 
Fig. 7 — Analysis of relative yield per recruit and relative biomass per recruit using selection ogive for S. longiceps. (Emax = 0.6669; 
E0.1 = 0.6543; E0.5 = 0.3864; L∞ = 233 mm; M/K = 1.57) 
 
 
 
Fig. 8  — Yield isopleth diagram of S. longiceps. 
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similar to that reported in some other studies  
(Table 1), it can be reasonably assumed that the 
growth parameters L∞ and K are an accurate 
representation of the population under consideration. 
Life history parameters have been found to vary 
temporally within stocks as well as spatially between 
stocks thereby bringing into question the long-term 
stability of these parameters as indicators of stock 
structure35. The variability of stock parameters with 
respect to time is a manifestation of the dependence of 
growth on the changing environmental conditions and 
fishing pressure36. The growth of the oil sardine is 
controlled by upwelling and plankton enrichment, and 
follows an annual fluctuating pattern, with weight loss 
in the non-upwelling period34. The annual variations 
in the population density, food availability and other 
environmental conditions influence the growth 
parameters of different year classes in oil sardine37.  
 
Mortality parameters 
Most marine species produce large numbers of 
small eggs and larvae, for which mortality rates are 
extremely high38. The estimates of Z = 5.23 year-1,  
F = 3.78 year-1 and M = 1.45 year-1 obtained in the 
present study are indicative of the heavy fishing 
pressure exerted by the purse seine fleet off the 
Ratnagiri coast on oil sardine stocks. The higher value 
of fishing mortality rate as compared to natural 
mortality rate also indicates the degree of exploitation 
on the stocks as it is usually believed that if F is more 
than M, the condition of the stocks is not healthy. 
As a result of the importance of S. longiceps to 
fisheries throughout its range, there have been a 
number of studies relating to mortality rates of this 
species (Table 1). Annigeri39 estimated values of Z, F 
and M at 1.57 to 3.70 year-1, 0.12 to 2.25 year-1 and 
1.45 year-1 respectively for oil sardine at Karwar, 
India. High values of Z = 7.37 year-1 and M = 2.10 
year-1 have been reported for the fish from 
Philippines21 while lower values of Z = 1.30 year-1, F 
= 0.35 year-1 and M = 0.95 year-1 have been reported 
for oil sardine from Gulf of Aden34. Annigeri et al.25 
estimated the values of Z, F and M for oil sardine off 
the west coast of India at 2.23 year-1, 0.93 year-1 and 
1.30 year-1 respectively. The values of Z, F and M 
were estimated at 3.10 year-1, 1.80 year-1 and 1.30 
year-1, respectively for the fish from East Java, 
Indonesia27 and as 3.65 year-1, 1.97 year-1 and 1.68 
year-1, respectively from Philippines28. Ganga40 
reported that total mortality (Z) varies seasonally and 
annually depending on the fishing mortality (F) and 
natural mortality (M). The author reported higher 
values of Z = 6.34 year-1, F = 4.91 year-1 and M = 
1.43 year-1 for oil sardine from Karwar. Rohit and 
Bhat29 estimated values of Z, F and M at 2.74 year-1, 
0.93 year-1 and 1.51 year-1 respectively for the fish off 
Mangalore-Malpe coast. Abdussamad et al.29 reported 
high values of Z = 7.65 year-1, F = 5.01 year-1 and M 
Table 1 ─ Estimates of length-at-age, asymptotic length (L∞), growth coefficient (K), growth performance index (ɸ) and mortality  
rates of S. longiceps from previous authors and present study. 
Reference Location 
Length at age (mm) 
L∞ (mm) 
K 
(year-1) 
Phi-prime 
(ɸ) 
Z 
(year-1) 
F 
(year-1) 
M 
(year-1) 1 2 3 4 
20 Calicut 150-160 170-180 185 - 209.8 0.6 2.42 - - - 
45 Bali Strait 132 183 203 - - - - 1.4 0.6 - 
21 Philippines - - - - 210 1.10 2.68 7.37 - 2.10 
46 Sri Lanka 153 163 - - - - - - - - 
34 Gulf of Aden - - - - 238 0.97 2.74 1.30 0.35 0.95 
22 Bali Strait 135 184 202 - - - - 1.4 0.6 - 
23 West coast of India 125 171 188 194 197.2 1.006 2.59 1.35 – 1.39 - 1.08 
24 Southwest coast of India 166 196 - - 210 1.4 2.79 4.2 2.2 2.0 
25 West coast of India 117 172 198 210 221 0.75 2.56 2.23 0.93 1.30 
27 East Java, Indonesia 115 165 190 - 210 0.80 2.55 3.1 1.8 1.3 
28 Philippines - - - - 260 0.86 2.76 3.65 1.97 1.68 
40 Karwar 163 196 202 - 204 1.6 2.82 6.34 4.91 1.43 
29 Mangalore-Malpe 136 191 213 222 228 0.90 2.67 2.74 0.93 1.51 
31 Gulf of Mannar - - - - 231.6 1.55 2.91 7.65 5.01 2.64 
32 Muscat, Oman 155 200 - - 220.3 1.209 2.76 4.11 1.91 2.21 
Present study Ratnagiri, India 140 196 218 - 233 0.92 2.70 5.23 3.78 1.45 
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= 2.64 year-1 for oil sardine from the Gulf of Mannar.  
The exploitation ratio (E) and exploitation rate (U) 
were estimated at 0.72 in the present study. Gulland41 
suggested that the optimum ‘E’ is about 0.5, so the 
high value of exploitation ratio (E) indicates that the 
stock of S. longiceps along Ratnagiri coast is 
overexploited. Based on data from 28 stocks and 11 
species of small pelagics, Patterson42 reported that the 
optimum value for the exploitation ratio (E) was 0.40 
for the sustainable exploitation of pelagic stocks. 
Compared to this report, the E value of oil sardine 
along Ratnagiri coast, estimated at 0.72, is certainly 
on the higher side and may result in drastic decline in 
catches in the coming years. Since the fishery of oil 
sardine is highly fluctuating, the resultant mortality 
rates may also show wide fluctuations from year to 
year on account of short-term annual changes in the 
available stocks39. There has also been a change in the 
fishing pattern. Since 1980, traditional non-
mechanised fishing shore-seine units have been 
replaced by the highly efficient purse seines for 
pelagic shoaling fishes40. This has resulted in increase 
in fishing mortality rates and consequently an increase 
in the total mortality.  
A stock is considered to be growth dominated if its 
Z/K value equals 1.0 and mortality dominated if the 
value is more than 2.0. In the present study, the Z/K 
value of 5.68 was obtained which suggests that the 
stock of S. longiceps along Ratnagiri coast is highly 
mortality dominated. The M/K ratio was estimated at 
1.57 in the present investigation. According to 
Beverton and Holt43, the M/K ratio usually should fall 
in the range of 1.5 to 2.5 which also indicates the 
accuracy in the estimation of natural mortality 
coefficient. As the M/K ratio calculated in the present 
study (1.57) falls in this range, it indicates that the 
estimates are reasonable and reliable. 
 
Yield per recruit and biomass per recruit 
Yield per recruit analysis of the oil sardine 
provided evidence that the stock is being 
overexploited. Selection ogive estimated Emax at 
0.6669. The present level of exploitation (E = 0.72) is 
more than the Emax obtained by selection ogive, 
therefore, there is an urgent need to reduce the effort 
level to get maximum yield per recruit (Y´/R) on a 
sustainable basis. Biradar and Gjosaeter24 reported 
maximum yield per recruit for F values higher than 
5.0 year-1 and age at first capture (tc) between 0.5 and 
0.6 years. The maximum yield per recruit at E1.0 has 
been reported for oil sardine along west coast of 
India25. The authors reported that an increase in 
fishing effort could result in increased landings as 
MSY was more than the total yield. However, the 
return per boat would decline to an uneconomic level. 
According to Ulltang44, the yield per recruit 
considerations are of limited value for short-lived 
pelagic species, as high natural mortality requires 
high fishing mortality rate to obtain maximum yield 
per recruit and high ‘F’ values could mean a reduction 
of the spawning stock below the level where 
recruitment is drastically affected. 
The yield isopleth diagram (Fig. 8) of S. longiceps 
shows that eumetric fishing can be done at E of 0.65 
and Lc/L∞ of 0.55. However, the present E value of 
0.72 is slightly higher, and Lc/L∞ of 0.55 yields the 
value of Lc at 128 mm, which is far below the length 
at first maturity (Lm = 163.5) estimated in this study. 
The Lc value should always be more than the Lm 
value, thereby giving at least one chance to all the 
individuals to mature and spawn at least once in their 
life span. Thus, it is recommended that to obtain the 
catch of this species at a sustainable level, reduction 
in the efforts is necessary. Though the yield isopleth 
generated diagram indicates that E of 0.65 is ideal, but 
according to many of the classical fish population 
dynamists, E of 0.5 is always safe for the stock. 
Therefore, we cannot suggest the level of E at present 
but we can to a certain degree of accuracy say that to 
sustain the fishery a reduction in effort would be ideal 
for the stock of S. longiceps from Ratnagiri waters. 
 
Conclusion 
The present study indicates that the stocks of S. 
longiceps from Ratnagiri waters along the west coast 
of India is in a state of overexploitation. The estimates 
of fishing mortality obtained in the present study is 
also indicative of the heavy fishing pressure exerted 
by the purse seine fleet on the oil sardine stocks. 
Thus, it is recommended that to obtain sustainable 
catches of this commercially important fish from 
Ratnagiri waters, a reduction in the efforts is 
necessary. A diminution in the fishing pressure will 
ensure that there is no drastic decline in catches in the 
coming years. 
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